The assessment of corneal staining is a commonly conducted procedure in both clinical practice and as part of various research studies. Different grading scales are employed by many clinicians and researchers to undertake this procedure for corneal staining comparisons between eyes, products and over time. This paper describes the development and use of a grading scale for corneal staining undertaken at an academic research site. The scale involves assessment of three factors across five corneal zones: type, area and depth. Staining type and area are graded on a 0-100 scale, and depth is graded on a 0-4 scale. These factors can be combined to create a three-or two-factor staining grade, or the factors may be reported individually. An additional benefit of this scale is that the staining scores may be reported by zone as "zone staining scores" or the scores of zones may be combined to provide an overall corneal "global staining score".
Introduction
Over the past few years, there has been dispute regarding the conclusions that can be drawn from sodium fluorescein corneal staining. [1] [2] [3] Despite questions about the clinical significance of corneal staining, particularly those associated with contact lens solutions, 1,2 this assessment remains an essential element of ocular examination and thus the ability to record the level of corneal staining is important in clinical practice and is vital in contact lens and dry eye research.
Unfortunately, methods of assessing corneal staining are varied in their approach and there is a need for this assessment to be standardized. 4 While there has been growing interest in the development of objective methods to quantify staining and other anterior eye assessments, [5] [6] [7] [8] these have yet to become mainstream and to date none have been commercialized.
The challenge is to develop a standardized method that provides high sensitivity to detect change. Limitations of current scales prompted discussion within the Centre for Ocular Research & Education (CORE), formerly the Centre for Contact Lens Research, around the creation of a new corneal staining grading scale that would provide advantages over those available. This scale has evolved over several years, being first described in detail in a paper investigating solution-induced staining with silicone hydrogel lenses in 2002 9 and further described by Woods et al in 2006 . 10 This paper describes the further evolution and use of this CORE staining scale.
Scale development
When describing and quantifying corneal staining, ideally three elements need to be considered: location, area and depth.
There are many different corneal staining grading scales currently in use. Examples of those that provide an integer grade for the entire corneal surface include Oxford 11 and Sjogren's Syndrome International Registry scale (SICCA OSS). 12 These scales offer varying ranges for this global corneal grade: 0-4, 0-5 and 0-6 integer ranges. Developed to provide more sensitivity, the Efron corneal staining scale 13 is a 0-4 global corneal scale which can be used in steps as small as 0.1. Other staining scales are based on grading the five corneal zones separately (Figure 1 ).
14 Examples of scales which employ this zonal grading include the US Food and Drug Administration (FDA), the National Eye Institute (NEI) and the Brien Holden Vision Institute (BHVI) scales. In 1994, an FDA guidance document to the contact lens industry suggested that reporting the location of corneal staining would be beneficial to allow distinction of central staining from peripheral location and they suggested a 0-4 integer scale followed by a letter code for the zone affected. 15 The NEI report of 1995 4 also suggested a grading by zone, but suggested a 0-3 integer scale.
The BHVI grading scales (formerly the CCLRU grading scales) were first described in 1993 16 and included a multifactorial corneal staining grading scale, which offered an increased number of steps compared to previous scales, with the intent to provide increased sensitivity. 17 This scale involved assessment of staining in each of the five corneal zones instead of just one grade, and included three separate staining factors; type, extent and depth. Each criterion is scored on a 0-4 scale, with steps as small as 0.1. 18 The BHVI three-factor scale provided increased descriptive ability compared to a single-number scale. However, despite being more descriptive, and providing a greater ability to detect change compared to other reduced-step scales, its sensitivity was still somewhat limited by the 41 steps of the 0-4 scale in 0.1 steps and by the separate reporting of the three factors. These limitations prompted the creation of the CORE corneal staining scale.
Scales with a small number of steps, such as the Oxford (0-3 integer) and NEI scale (0-15 integer), typically have good repeatability (intraclass correlation coefficient of 0.97 and 0.98, respectively); 19 however, they lack sensitivity. 20 Creating a scale with more steps can lead to the opposite problem, that is, improved sensitivity but reduced repeatability. 19 The purpose behind developing the CORE corneal staining scale was to address several needs: 1. increase sensitivity compared to 0-4 scales; 2. enable the location of the staining to be recorded; 3. facilitate grading of individual criterion of the staining; and 4. generate continuous data to facilitate parametric data analysis.
It was decided to divide the cornea into five zones, each to be assessed separately: the central (C), superior (S), nasal (N), inferior (I) and temporal (T) zones ( Figure 1 ). This zone division had already been described 14 and has been supported as being beneficial by a subsequent global vs zonal grading comparison. 21 Despite zonal division of the cornea having been described previously, the diameter of the central zone relative to the cornea has not been specified. Some have described the zones as being of equal or similar size, but have stopped short of being more specific than that. 16, 17 In order for the CORE scale to be applicable to all size eyes and in all clinical situations, the central zone was specified to have a diameter that is one half of the diameter of the cornea. This proportion allows the observer to readily visualize the central zone as distinct from the peripheral zones, because from the center of the cornea, the central zone extends half way to the limbus in all directions. This still means that the five zones have a similar area, though the central zone is slightly larger than the peripheral zones. For example, for a corneal diameter of 11.51 mm, which is the average of mean Chinese and Caucasian corneal diameters reported by Hickson-Curran et al, 22 
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A novel scale for describing corneal staining (using ∏=3.142). For larger corneas, the difference in area will increase. In order to describe the staining as fully as possible, it was decided to follow the same multifactorial approach as the BHVI grading scale and describe the same three distinct factors of the staining appearance, separately across each of the five zones: 1. the type of staining; 2. the extent (area) that the staining is spread across; and 3. the depth of the staining.
Consideration was given to expanding the scale to improve sensitivity and create continuous data points that, if normally distributed, would facilitate parametric analysis.
The type of staining was allocated a continuous integer scale, from 0 to 100, with anchors as described in Table 1 and illustrated in Figure 2 .
The extent of staining was also allocated a continuous integer scale, from 0 to 100, to represent the percentage area of the individual zone that contains corneal staining. One important feature of the extent grade is that it does not represent the area of all the punctate dots pulled together, but rather it represents the spread of the staining across the zone (Figure 3 ). For example, if punctate stain was evident across the entire central zone, then the extent within that zone would be represented by 100, despite the staining dots being small and spread apart from each other.
The depth of corneal staining was already a part of the BHVI grading scale in the form of a 0-4 integer scale with distinct descriptors. Given the limited options available to describe the depth of staining in terms of the penetration of fluorescein into the cornea, this scale was determined to be sufficient for grading the depth of staining and was adopted as the basis for the CORE staining scale ( Table 2 ).
Application of core corneal staining scale
Because the central zone has a diameter that is approximately half of the diameter of the cornea for ease of assessment, the central zone has a slightly larger area than each of the other four zones.
Clinical records
When each zone is graded fully to describe the presence of staining, three values are generated for each zone, as shown in the recording from the example in Figure 4 , that is, for type (1-100), extent (1-100) and depth (1) (2) (3) (4) . These values Figure 2 Image reference for staining types.
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Woods et al are all that are required on a clinical record to describe the staining appearance in each corneal zone, and they provide a simple three-factor description which facilitates monitoring and comparison for change at subsequent clinic visits across all three factors of type, extent and depth.
Reporting the staining
The staining can be reported and analyzed for the individual zones or for the entire cornea as a whole. The scores for the three factors are combined by three-way multiplication to create and spread data even wider to increase sensitivity. The individual zone score is referred to as the "zone staining score" or ZSS, and the scores are abbreviated as CZSS, SZSS, NZSS, IZSS and TZSS for the central, superior, nasal, inferior and temporal zones, respectively. The mean of all the five zones' stain scores provides the "global staining score" or GSS, which represents the cornea as a whole.
The three values that make up the staining grade can be manipulated in several ways to report the staining, depending on the distribution of the data and the key factor of interest among the three factors. The three common options are listed here.
three-factor reporting of CORe corneal staining scale
The product of the type, extent and depth grades provides the three-factor grade for each corneal zone, and in this case, the ZSS and the GSS are scored out of a maximum of 40,000 (0-100×0-100×0-4; Figure 5 ).
two-factor reporting of CORe corneal staining scale
In practice, most corneal staining seen in clinical contact lens research, other than in cases of an adverse event, has a depth of 1 (superficial epithelial), resulting in this extended grading scale effectively being truncated back to a two-factor grade, which provides a 0-10,000 scale range. In this case, the ZSS and GSS are effectively the product of just two grading values, that is, type and extent, because the depth grade is always "grade 1". In this method, the total staining grade could reach a maximum of 10,000. 9, 23, 24 In studies where variability in the staining depth is anticipated, adding the depth as a third factor to reach a full three-factor staining score (type × extent × depth), as described above, will serve to capture the staining more fully and to spread the staining data even wider to aide differentiation between eyes/treatments. In practice, if all staining is superficial (ie, depth grade is 1), then the two-factor grade yields the same value as the three-factor grade.
One-factor reporting of CORe corneal staining scale
There are occasions when the CORE scale has been used to simply report the extent of corneal staining over the corneal surface, either by zone or over the cornea as a whole. 25 In specific clinical research projects where the depth of staining is always grade 1 and the type of staining is consistent or of limited interest, it is the extent of the staining that is the key outcome variable. For example, if the corneal staining is micropunctate in all eyes, and is superficial epithelial in all eyes, then the variability of the staining score is captured by the extent grade alone. Reporting extent alone has the advantage of being easily interpreted by the reader because it can be readily "visualized" as the area of the zone, or cornea, which exhibits staining.
Discussion
This grading scale has been used extensively at CORE for over a decade, largely because it is flexible and lends itself to multiple methods of representing the staining numerically and statistically. The expanded scale of 0-100 for the type and extent, and also the manipulation to create the zone and global staining scores, provides a continuous scale for grading the corneal staining. The continuous nature of the data 
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A novel scale for describing corneal staining opens the possibility for conducting parametric statistical analysis, which is often favored as being more robust. It also affords the potential for increased sensitivity, which is of particular benefit when attempting to discriminate responses in clinical trials.
There are some disadvantages to increasing the number of steps in a scale. For example, individuals may prefer to use certain numbers more often than others, thereby reducing the number of steps being utilized. It was reported by Fieguth and Simpson that an integer step scale of 0-100 gave rise to a preferential use of numbers that were multiples of five. 26 Their investigation involved a bulbar redness scale, but the preferential use of "friendly" values results could also apply to this corneal staining scale. It would perhaps be valuable to conduct a review of historical staining data to investigate if this is the case. Another disadvantage of creating a scale with more steps is that repeatability and inter-observer concordance are often sacrificed. For this reason, the use of this scale among multiple observers necessitates pictorial references, particularly for the staining type, and ongoing concordance assessment and training. 18 Variability may exist between different graders (inter-variability) as well as between different time points for the same grader (intra-variability). Using a grading scale to assign a grade to an eye is an inherently subjective task. The key to use any subjective grading scale successfully is to minimize inter-and intra-variability because it is impossible to eliminate it. This can be achieved in both practice and research settings by asking graders to grade a randomized series of images on two separate occasions. The viewing conditions should be controlled between sessions as much as possible, such as using the same room and the same computer screen. The grading results should be compared and retraining conducted where necessary. Variability is a criticism of all grading scales which rely on subjective assessment by an observer. 18, 27 A grading scale which is truly objective, by means of image analysis, can certainly reduce the variability, but it becomes more costly in terms of supporting hardware and software, which can be 
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Woods et al prohibitive in a clinical vs research setting. [5] [6] [7] [8] Furthermore, there is often increased time required to apply the software and review the area of interest identified by the algorithm, before a grading score can be confirmed. [5] [6] [7] [8] The CORE corneal staining scale provides the ability to record the type, extent and depth of staining by zone or globally across the entire cornea. Using zone scores, it facilitates the reporting of the location of corneal staining. It is often important to understand where on the cornea the staining is observed, and this information is unavailable in grading systems that provide only a single grade for the whole cornea. For example, mid-inferior dehydration-type staining and superior epithelial arcuate lesions both have specific and different implications for a soft contact lens design, and require different management strategies. 28 The CORE corneal staining scale has proven to be useful when the location and/or the quantification of corneal staining are of key interest, and when more robust, parametric analysis is desired. Additionally, the scale provides the level of sensitivity often necessary in clinical research, while being simple enough to be adopted in a clinical practice setting. The authors believe the CORE scale has the potential to become a broadly used grading system for recording corneal staining.
